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PREFACE 

The  research  presented  here  was  conducted  by  personnel  of  the  Biological  Acoustics  Branch  and  Biedynamic  Effects 
Branch,  Biodynamics  and  Bioengineering  Division,  Air  Force  Aeospace  Medical  Research  Laboratory,  Wright- 
Patterson  Air  Force  Base,  Ohio,  under  work  unit  72310914  “Human  Capabilities  in  Acoustic  and  Vibration 
Environments.”  Instrumentation  and  operation  of  the  vibration  machine;  and  production,  analysis,  and  calibration' 
of  the  vibration  stimuli  were  accomplished  by  personnel  of  the  University  of  Dayton  Research  Institute,  under 
Contract  F336 15-79-0509. 
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INTRODUCTION 


Performance  decrements  related  to  mechanical  force  environments  may  be  classified  into  two  primary  categories — 
those  produced  directly,  by  interference  with  an  essential  sensory  or  motor  aspect  of  the  task,  and  those  produced 
indirectly,  by  a  generalized  stress  effect  that  in  some  way  affects  central  nervous  system  processes.  Vibration 
induced  relative  movement  between  the  hand  and  a  control,  or  masking  speech  by  noise  axe  examples  of  direct 
interference  effects;  while  degradation  of  intellectual  or  cognitive  functions,  like  problem  solving  or  mental 
arithmetic,  are  examples  of  generalized  stress  effects.  Since  it  is  unlikely  that  mechanical  force  environments  directly 
affect  central  nervous  processes  (in  the  same  sense  that  they  affect  sensory  and  motor  functions),  one  must 
hypothesize  some  sort  of  intervening  mechanism;  for  example  a  greater  than  optimum  arousal  level,  a  reduction  in 
available  information  processing  capacity,  or  a  reduction  in  motivation. 

Studies  indicating  whole-body  vibration  effects  on  cognitive  performance  are  relatively  few.  Tasks  involving  simple 
cognitive  functions,  such  as  pattern  recognition  or  monitoring  of  dials  or  warning  lights,  are  essentially  unaffected  by 
vibration  (see  Shoenberger  (1972)  for  a  review).  However,  a  few  experiments  using  more  demanding  “intellectual” 
tasks  have  shown  significant  vibration  effects.  Huddleston  (1964)  used  a  “rolling  arithmetic”  task,  combining 
mental  addition  and  recent  memory,  and  found  that  performance  on  this  task  was  significantly  slower  for  0.5  Gz 
(peak)  sinusoidal  vibration  at  4.8, 6.7, 9.5  and  1 6  Hz  than  for  a  static  control  condition.  A  subsequent  experiment 
with  this  task  (Huddleston,  1965),  using  the  same  acceleration  level  at  4.8  and  6.7  Hz,  provided  confirmation  of 
these  results.  A  mental  arithmetic  task  was  also  used  by  Harris  and  Sommer  (1 971)  in  a  study  of  the  combined  effects 
of  noise  and  vibration.  Their  task  involved  short-term  memory  and  mental  subtraction  and  was  performed  during 
exposure  to  broadband  noise  (80, 90, 100  and  110  dBA),  both  with  and  without  5  Hz  vibration  at  0.25  Gz  (peak). 
Noise  alone  and  vibration  plus  80  or  90  dBA  noise  did  not  affect  performance;  however,  vibration  combined  with 
100  or  110  dBA  noise  significantly  reduced  the  number  of  correctly  solved  problems. 

Investigations  of  the  combined  effects  of  noise  and  vibration  have  also  shown  that  noise,  depending  on  its  intensity, 
can  either  increase  or  decrease  the  effects  of  vibration  on  tracking  performance.  When  noise  levels  of  lOOto  105  dBA 
were  combined  with  vibration,  tracking  error  was  less  than  with  vibration  acting  alone  (Grether  et  al.,  1 971 ,  Grether  . 
etaL,  1972;  Sommer  and  Harris,  1973).  However,  when  a  noise  level  of  110  dBA  was  used,  the  interaction  was 
reversed  and  tracking  error  increased  when  the  noise  was  added  to  the  vibration  (Harris  and  Shoenberger,  1970; 
Harris  and  Sommer,  1973).  Since  noise  effects  on  tracking  performance  are  probably  caused  by  interference  with 
central  processes,  these  interactions  suggest  that  some  of  the  effect  of  vibration  on  tracking  is  related  to  cognitive 
factors. 

The  effect  of  duration  of  exposure  is  another  topic  that  has  been  relatively  neglected  in  vibration  research.  In  the 
performance  area  there  is  little  evidence  that  decrements  related  to  vibration  duration  are  any  different  from  time- 
dependent  changes  during  static  conditions  (Maslen,  1972;  Shoenberger,  1972).  Very  fev/  studies  have  been 
conducted  with  exposure  duration  as  a  primary  variable,  and  those  (Gray  et  al;  1 976;  Holland,  1 967;  Homick  and 
Lefritz,  1 966)  have  not  included  measures  of  complex  cognitive  performance.  Since  time-dependent  effects  should 
logically  be  related  to  the  central  processing  mechanisms  mentioned  above,  cognitive  tasks  should  be  more  likely  to 
show  decrements  as  a  function  of  vibration  duratioa 

In  a  recent  study  of  the  effects  of  noise  and  vibration  (Harris  and  Shoenberger,  1 980)  performance  was  measured  for 
30  min  on  a  Complex  Counting  Task  (CCT),  during  exposure  to  each  of  four  experimental  conditions.  Two  levels  of 
noise,  65  dBA  and  100  dBA,  were'presented  both  with  and  without  a  0.36  R.M.S.  Gz  complex. waveform  vibration, 
made  up  of  five  sinusoids  from  2.6  to  16  Hz.  The  CCT  proved  to  be  sensitive  to  the  effects  of  both  noise  and,, 
vibration,  showinga  decrement  in  performance  during  vibration  and  during  100  dBA  noise.  However,  vibration  plus 
100  dBA  noise  produced  less  decrement  than  either  of  these  conditions  alone.  This  subtractive  interaction  is  like  that 
found  previously  with  tracking  performance  when  vibration  and  1 00  dBA  noise  were  combined  (Grether  et  al.,  1971; 
Grether  etal.,1972;SommerandHarris,  1973).  This  experiment  (Harris  and  Shoenberger,  1980)  also  suggested  that 
the  CCT  was  sensitive  to  duration  of  vibration  exposure.  Scores  for  three  10-min  trials  were  obtained  during  the  30- 
min  testing  period,  and  the  vibration  by  trials  interaction  showed  a  greater  decrement  as  a  function  of  time  when  the 


vibration  was  present  Although  this  interaction  did  not  reach  the  conventional  5%  level  of  significance(p<10),  the 
.trend  of  the  data  suggested  that  if  testing  had  continued  for  a  longer  period  of  time  a  significant  effect  would  have 
been  produced.  The  present  experiment  was  conducted  to  further  explore  this  possibility  by  testing  cognitive 
performance  during  exposure  to  a  similar  sum-of-sines  vibration  environment  for  a  duration  of  3  hours. 


MATERIALS  AND  METHODS 


SUBJECTS 

Sixteen  male  Air  Force  military  personnel  served  as  subjects.  They  were  physically  qualified  volunteer  members  of  a 
vibration  panel,  and  received  incentive  pay  for  participation  in  vibration  experiments. 

TEST  FACILITY 

Vibration  was  produced  by  an  Unholtz-Dickie  electromagnetic  vibrator  (Model  MA  250D).  The  subjects  sat  in  an 
aluminum  seat  rigidly  mounted  to  the  moving  element  of  the  shaker.  They  were  restrained  by  a  lap  belt  and  shoulder 
harness.  The  seat  pan  was  fitted  with  a  2. 54-cm  ( 1  in)  temperfoam  pad,  to  provide  somewhat  greater  comfort  during 
the  3-hour  exposure.  Previous  research  (Allen  et  aL,  1973)  has  shbwn  that  a  similar  pad  had  a  negligible  effect  on 
vibration  transmission  to  the  subject  over  the  frequency  range  from  2-10  Hz.  An  evaluation  of  the  pad  used  in  the 
Unholtz-Dickie  seat  showed  that,  for  the  frequencies  used  in  this  experiment,  vibration-table  to  shoulder 
transmissibilities  for  each  of  the  frequencies  individually  and  for  all  five  combined  were  essentially  identical  with  and 
without  the  pad. 

During  each  vibration  run  the  intensity  of  the  vibration  was  monitored  continuously  from  an  accelerometer  attached 
to  the  vibration  table.  The  accelerometer  signals  were  amplified  and  fed  to  a  strip  chart  recorder  and  a  true  R.M.S. 
meter. 


TASKS 

The  Complex  Counting  Task  (CCT)  was  again  used  to  measure  cognitive  performance.  On  the  subject's  console 
(figure  1)  there  we*e  three  small  lights  mounted  on  a  vertical  panel,  and  three  buttons  on  a  horizontal  panel.  Each  of 
the  lights  flashed  at  a  different  rate.  The  light  on  the  subject’s  left  flashed  once  every  .1 3  seconds,  the  middle  one  every 
5  seconds,  and  tne  one  on  the  right  flashed  every  9  seconds.  The  task  was  to  keep  a  simultaneous  count  of  the  number 
of  flashes  of  each  light  The  subject  was  instructed  to  press  the  button  for  each  light  every  sixth  time  the  light  flashed. 
On  an  experimenter's  panel,  separate  measures  were  obtained  for  the  subject’s  responses  to  each  light  For  each 
light,  scores  for  total  responses,  early  responses,  and  late  responses  were  obtained.  An  early  response  occurred  when 
the  subject  responded  before  a  light  flashed  six  times,  and  a  late  response  when  the  subject  responded  after  a  light 
flashed  more  than  six  times. 

Our  previous  experience  with  the  CCT  (Harris  and  Shoenberger,  1980)  indicated  that  the  subjects  felt  that 
performing  this  task  continously  for  30  min  was  very  difficult  and  demanded  unusual  effort  and  concentration. 
Therefore,  it  seemed  unreasonable  to  require  the  subjects  to  perform  the  CCT  continuously  during  3-hour  testing 
sessions.  We  decided  to  administer  the  CCT  during  the  last  1 5  min  of  each  hour  of  testing  and  to  fill  the  remaining  45 
min  with  some  less  demanding  activity. 
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Figure  1 .  Complex  counting  task,  subject’s  console. 


There  are  anecdotal  reports  that,  even  when  one  can  see  the  letters  without  difficulty,  reading  while  traveling  seems 
to  require  an  increase  in  effort,  compared  to  a  static  environment,  so  that  at  some  point  the  effort  becomes  too  great 
and  one  just  stops  reading.  Thus,  a  reading  task  might  also  show  duration  effects  during  vibration.  Simply  allowing 
the  subjects  to  read  or  not,  as  they  desired,  and  observing  the  effects  of  vibration  was  felt  to  be  too  uncontrolled  and 
very  susceptible  to  variability  from  extraneous  factors.  Therefore,  the  subjects  were  required  to  read  during  the  first 
45  min  of  each  hour,  to  see  if  the  amount  read  was  affected  by  vibration.  A  high-school  senior  level,  programmed 
English  text  (Blumenthal,  1972)  was  chosen  as  the  reading  material,  with  the  expectation  that  the  subjects’  earlier 
training  and  experience  with  English  would  minimize  individual  differences  and  learning  effects.  The  programmed 
book  format  facilitated  measurement  of  the  amount  read  during  each  45-min  period.  Each  subject  was  instructed  to 
work  at  his  own  pace  and  the  number  of  frames  read  was  recorded  at  the  end  of  each  period.  At  the  start  of  the  next 
period,  the  subject  began  reading  at  the  frame  he  reached  in  the  preceding  period 

VIBRATION  CONDITIONS 

Vibration  was  in  the  vertical  direction  (z-axis)  and  was  continuous  throughout  each  of  the  two  3-hour  test  sessions. 
The  waveform  was  quasi-random  and  was  produced  by  combining  five  sinusoidal  frequencies,  2.6, 4.1, 6.3, 10  and 
1 6  Hz.  These  are  approximately  the  preferred  center  frequencies  of  every  other  third-octave  band  from  2.5  to  1 6  Hz. 
However,  slight  departures  from  two  center  frequencies  were  made  to  avoid  harmonic  relationships  between  fre¬ 
quencies.  For  one  test  session,*  the  intensity  of  each  frequency  was  set,  at  the  ISO  4-hour  Fatigue-Decreased 
Proficiency  Level  (International  Organization  for  Standardization,  1978).  This  produced  an  overall  acceleration  level 
of  0.164  R.M.S.  Gz.  When  this  vibration  input  was  evaluated  by  the  ISO  weighting  method  (IOS,  1978)  it  yielded  a 
value  (0. 121  R.M.S.  Gw)  slightly  less  than  the  3-hour  Exposure  Limit  (0. 1 28  R.M.S.  Gw),  For  the  other  test  sessi  , 
the  intensity  of  each  frequency  was  set  at  the  ISO  8-hour  Reduced  Comfort  Boundary,  which  produced  an  ovt  all 
acceleration  level  of  0c03R.M.S.  Gz .  Evaluation  of  this  input  by  the  weighting  method  gave  a  value  (0.022  R.M.S. 
Gzw)  approximately  equal  to  the  3-hour  Reduced  Comfort  Boundary  (0.020  R.M.S.  Gzw). 


PROCEDURE 

The  experiment  was  carried  out  during  four  sessions  —  two  training  sessions  and  two  formal  testing  sessions.  In  the 
first  training  session  each  subject  had  two  15 -min  periods  of  practice  on  the  CCT,  without  vibration.  During  the 
second  practice  session  each  subject  again  had  two  1 5-min  periods  of  practice  on  the  CCT,  the  first  without  vibration 
and  the  second  with  vibration  at  the  high  level.  Also  included  in  the  second  practice  session  was  a  brief  indoctrination 
on  the  reading  task. 
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During  each  of  the  two  formal  test  sessions  the  subjects  received  a  static  5-min  warmup  trial  on  the  CCT  and  then 
were  exposed  to  3  hours  of  continuous  vibratioa  In  one  session  the  intensity  of  vibration  was  set  at  the  high  level 
(0.164  RM.S.  Gz),  and  in  the  other  session  it  was  set  at  the  low  level  (0.03  R.M.S.  Gz).  This  very  low-intensity 
vibration  was  used  as  a  “control”  condition,  rather  than  a  complete  absence  of  vibration,  in  an  attempt  to  minimize 
motivational  differences  between  performing  the  tasks  during  a  3-hour  exposure  to  a  stressful  environment  and  per¬ 
forming  them  for  3  hours  in  a  completely  static  environment  Half  of  the  subjects  received  the  ,two  vibration  levels  in 
the  order  high-low,  and  the  other  half  in  the  order  low-high.  In  both  test  sessions,  the  subjects  were  required  to  read 
the  programmed  English  text  during  the  first  45  min  of  each  hour,  and  to  perform  the  CCT  during  the  last  15.  min  of 
each  hour.  Subjects  were  informed  of  their  scores  on  the  CCT  at  the  end  of  the  5-min  warmup  trial  and  at  the  end  of 
the  3-hour  test  session. 

RESULTS  AND  DISCUSSION 

For  each  of  the  two  vibration  levels,  performance  scores  were  tabulated  for  each  subject  for  the  first  45  min  of  each 
hour  for  the  reading  task,  and  for  the  last  15  min  of  each  hour  for  the  CCT.  The  score  for  the  reading  task  was  the 
number  of  frames  of  the  programmed  English  text  read  during  each  45-min  period,  and  the  score  for  the  CCT  was  the 
percentage  of  correct  responses  during  e^n  1 5-min  period.  Table  1  presents  the  mean  number  of  frames  (averaged 
across  subjects)  completed  on  the  reading  task  during  each  experimental  condition,  and  table  2  gives  the  mean  per¬ 
cent  correct  on  the  CCT  for  each  experimental  condition. 


TABLE  1 

MEAN  NUMBER  OF  FRAMES  READ  ON  READING  TASK 
FOR  EACH  EXPERIMENTAL  CONDITION 
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TABLE  2 


MEAN  PERCENT  CORRECT  ON  COMPLEX  COUNTING  TASK 
FOR  EACH  EXPERIMENTAL  CONDITION 
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Each  of  the  two  sets  of  data  was  evaluated  for  significant-effects,  using  an  analysis  of  variance  (ANOVA)  forrepeated 

of  Hi?ANOVA  Jhe,J'anab*<:s  i"?“d®d  in  “ch  analysis  were  (S),  vibration  levels  (V),  and  hours  (H).  Suits 

of  the  ANOVA  for  the  reading  data  are  giv  en  in  table  3.  The  ANOVA  showed  that  the  main  effect  of  hours' was 

of  TabSll^TnumL  eL  iS  Pre*fnted  ^phically  in  figure  2  (and  is  also  given  in  the  bottom  row 

of  Table  1).  The  number  of  frames  read  dunng  the  first  45  min  of  each  hour  increased  during  the  3-hour  testing  *es- 

Sth  thSn  m  the  SCCOnd  thC  third  h0Un  This  result  indicates  ^at,  despite  the  familiarity  of  the  sutyects 

with  the  English  language,  some  learning  took  place  during  the  3  hours  of  testing 


TABLE  3 

ANALYSIS  OF  VARIANCE  FOR  READING  TASK 
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Figure  2 


Mean  number  of  frames  read  on  reading  task  during  each  hour. 
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Since  the  purpose  of  the  experiment  was  to  look  for  possible  effects  related  to  the  duration  of  the  vibration  exposure, 
the  V  x  H  interaction  is  of  greatest  interest.  This  interaction  is  depicted  in  figure  3  and  shows  that  performance  on  the 
reading  task  was  virtually  identical  for  the  two  vibration  intensities  during  the  first  hour,  but  differed  considerably 
during  the  last  2  hours.  For  low-level  vibration  the  mean  number  of  frames  read  increased  steadily  over  the  3-hour 
testing  period,  but  for  high-level  vibration  the  number  of  frames  read  decreased  during  the  second  hour  and  then 


Figure  3. 

Mean  number  of  frames  read  on  reading  task 
during  each  hour  for  each  vibration  condition. 


increased  during  the  third  hour.  In  view  of  the  importance  of  the  V  x  H  interaction,  and  the  fact  that  it  reached  the 
20%  level  of  confidence  in  the  overall  ANOVA,  the  simple  effects  of  hours  were  analyzed  at  each  vibration  intensity. 
The  analyses  showed  that  the  effect  of  hours  was  significant  only  for  the  low-level  vibration  condition  (F2,  30  = 
5.49,  p<001 ).  These  results  indicate  that  during  low-level  vibration  the  subjects  were  able  to  continue  learning  and 
increase  their  reading  rate  throughout  the  3-hour  test  session,  and  that  high-level  vibration  interfered  with  this  effect 
and  resulted  in  poor'  reading  performance.  Thus,  the  major  effect  of  the  high-level  vibration  was  to  slow  down  the 
rate  of  learning.  This  interpretation  is  reinforced  by  t- tests  of  the  differences  between  the  two  vibration  levels  during 
each  hour.  Of  course  there  was  no  difference  during  the  first  hour,  but  significantly  more  frames  were  read  under  the 
low-level  vibration  during  both  the  second  (p<10)  and  third  (p<.05)  hours. 


i 


Table  4  presents  the  results  of  the  ANOVA  for  the  CCT  data.  The  analysis  demonstrated  that  the  only  effect  that 
approached  conventional  levels  of  significance  was  the  main  effect  of  hours  (p<20).  This  effect  is  shown  in  figure  4 
and  in  the  bottom  row  of  table  2,  which  indicate  that  the  mean  percent  correct  on  the  CCT  during  the  last  15  min  of 
each  hour  increased  slightly  (less  than  3%)  over  the  3  hours  of  testing. 


TABLE  4 


Analysis  of  Variance  for  Counting  Task 


Sums  of 

Mean 

Source 

df 

Squares 

Squares 

F 

P 

Subjects  (S) 

15 

3716.41 

Vibration  Level  (V) 

1 

31.51 

31.51 

1.11 

NS 

Hours  (H) 

2 

124.75 

62.38 

1.90 

<20 

V  x'H 

2 

52.09 

26.05 

0.80 

NS 

V  x  S 

15 

425.99 

28.40 

HxS 

30 

985.25 

32.84 

VxHxS 

30 

981.91 

32.73 

Total 


95 


6317.91 
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Switching  from  task  to  task  in  this  experiment  may  have  improved  performance  on  both  tasks.  Performance  on  the 
COT  wa«  something  of  a  novelty,  because  it  was  only  required  for  15  min  of  each  hour,  and  at  that  time  it  also 
provided  a  welcome  relief  from  the  reading  task.  A  better  approach  might  have  been  to  measure  performance 
continuously  on  the  same  task.  However,  prolonged  testing  on  a  single  task  also  involves  other  factors,  such  as 
boredom ,  loss;  of  motivation,  and  task-related  fatigue,  which  may  reduce  the  reliability  of  the  task  and  its  sensitivity 
to  the  effects  of  a  stressor.  Unfortunately,  the  ideal  experimental  paradigm  for  investigating  time-related  effects 
probnbiy  does  not  exist. 


REFERENCES 


Allen,  R.W.,  H.  R.Jex,  and  R.  E.  Magdaleno,  1973,  Manual  Control  Performance  and  Dynamic  Response 
During  Sinusoidal  Vibration,  AMRL-TR-73-78,  (AD  773844)  Aerospace  Medical  Research  Laboratory, 
Wright-Patterson  AFB,  Ohio. 

Blumenthal,'].  C.,  1972,  English  3200  (Second  Edition):  A  Pro  gammed  Course  in  Grammar  and  Usage, 
Harcourt  Brace  Jovanovich,  Inc.,  New  York 

Gray,R.,R.T.  Wikinson,K.R.Maslen,andG.  F.  Rowlands,  1 976,  The  Effects  of  3  Hours  of  Vertical  Vibration 
at  5  Hz  on  the  Performance  of  Some  Tasks,  RAE-TR-76011,  Royal  Aircraft  Establishment,  Famborough, 
England. 

Grether, W. F., C.  S. Harns, G. C. Mohr, C. W. Nixon, M. Ohlbaum, H.C. Sommer, V.H.  Thaler, and J.H. Veghte,  1971, 
“Effects  of  Combined  Heat,  Noise,  and  Vibration  Stress  on  Human  Performance  and  Physiological  Functions,” 
Aerospace  Med.,  42:  1092-1097. 

Grether,  W.  F.,  C.  S.  Harris,  M.  Ohlbaum,  P.  A.  Sampson,  and  J.  C.  Guignard,  1 972,  “Further  Study  of  Combined 
Heat,  Noise  and  Vibration,”  Aerospace  Med.,  43:  641-645. 

Harris,  C.  S.  and  R  W.  Shoenberger,  1970,  Combined  Effects  of  Noise  and  Vibration  on  Psychomotor 
Perform  ance,  AMRL-TR-70-14  (AD  710595),  Aerospace  Medical  Research  Laboratory,  Wright-Patterson  AFB, 
Ohio. 

Harris,  C.  S.  and  R.  W.  Shoenberger,  I960,  “Combined  Effects  of  Broadband  Noise  and  Complex  Waveform  Vibration 
on  Cognitive  Performance,”  Aviat.  Space  Environ.  Med.  51:  1-5. 

Harris,  C.  S.  and  H.  C.  Sommer,  1971,  Com  bine  d  Effects  of  Noise  and  Vibration  on  Mental 
Performance ,  AMRL-TR-70-21,  Aerospace  Medical  Research  Laboratory,  Wright-Patterson  AFB,  Ohio. 

Harris  C.  S.  and  H.  C.  Sommer,  1 973.  “Interactive  Effects  of  Intense  Noise  and  Low-level  Vibration  on  Tracking 
Performance  and  Response  Time,”  Aerospace  Med.,  44:  1013-1016. 

Holland,  C.L.,’r.  1 967,  “Performance  Effects  of  Long  Term  Random  Vertical  Vibration,”  Human  Factors.  9:  93- 
104. 

Homick,  R.  J.,  and  N.  M.  Lefritz,  1966,  “A  Study  and  Review  of  Human  Response  to  Prolonged  Random  Vibration,” 
Human  Factors.  8:  481-492. 

International  Organization  for  Standardization,  1978,  Guide  for  the  Evaluation  of  Human 
Exposure  to  Whole  -Body  Vibration,  ISO  2631-1978. 

Huddleston,  H.F,  1964,  Human  Pe  formanc e  and  Behavior  in  Vertical  Sinuso idal  Vibration,  LAM 
Report  No.  303,  Institute  of  Aviation  Medicine,  Famborough,  Eng. 

Huddleston,  H.  F.,  1965,  Effects  of  4.8  and  6.7  cps  Vertical  Vibration  on  Handwriting  and  a 
Complex  Mental  Task,  With  and  Without  Abdominal  Restraint,  IAM  Memorandum  No.  60,  Institute  of 
Aviation  Medicine,  Famborough,  Eng. 

Maslen,  K.  R.,  1972,  Efficiency  Under  Prolonged  Vibration  and  the  ISO  ‘Guide  ’,  Tech.  Memo.  EP  512, 
Royal  Aircraft  Establishment,  Famborough,  Eng. 

Shoenberger,  R.  W.,  1972, “Human  Response  to  Whole-Body  Vibration,  Perceptual  and  Motor  Skills ,” 
Monograph  Supplement  1-V34,  34:  127-160. 

Sommer,  H.  C.  and  C.  S.  Harris,  1973,  “Combined  Effects  of  Noise  and  Vibration  on  Human  Tracking  Performance 
and  Response  Time,”  Aerospace  Med.  44:  276-280. 

10 

4U.S.  GOVERNMENT  PRINTING  OFFICE:  1982-559  007/6008 


